Introduction Introduction Introduction
United States Industry has a wide spectrum of emissions and major sources of waste heat This presentation discusses: Petroleum Refining z The fluid cracking unit in the refinery emits SOx and NOx. These emissions are hydrotreated to yield H2S, from which energy can be captured. z H2S produced in large amounts during desulfurization of fossil fuels and in coal gasification. There is significant energy in H2S. H2S can be converted to H2 in a Na-S type cell, and the generated H2 can be fed to a fuel cell.
Process Integration & Optimization Process Integration & Optimization Process Integration & Optimization
Use of by-product from one process as feed to another process. Ideally, one can have a network of several such processes.
z HCl by-product in vinyl chloride production used as raw material in oxychlorination of ethylene.
By-products from chemical processes also can be used as feedstock in other industries (HCl in steel making) and vice-versa (HCl from semiconductor manufacturing) Multi-industry networkz example: oil refinery, sulfuric acid plant, pharmaceutical manufacturing, coal-burning power plant, fish farm, gypsum board manufacturer form an industrial network in Kalundborg Denmark. z Steam, gas and cooling water exchanged between power plant and refinery. Waste heat from power plant used for residential heating and in fish farm. z Ash from power plant used for cement manufacture z CaSO4 from power plant sent to gypsum board facility z Refinery sends hot liquid sulfur from desulfurization of crude oil to sulfuric acid manufacturer 
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Utilization of CO2 Utilization of CO2 Utilization of CO2
Most of GHG emissions (> 70%) from industry are CO2. CO2 can be utilized as follows:
z Tri-reforming a mixture of CO2, CH4 and H2O to yield H2, which can be fed to a fuel cell. Avoids expensive separation step for flue gases that contain CO2/CH4 mixture. Avoid carbon formation by using water. z Use of di-electric barrier discharge to convert CO2/CH4 mixture to synthesis gas with various H2/CO ratios depending on CO2/CH4 ratio in flue gas. z Pyrolysis of hydrocarbons for manufacture of ethylene and propylene. z Use of CO2 as feedstock using transition metal-catalyzed reactions to manufacture esters, amides, alcohols, polycarbonates. 
